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Abstract 
A novel solar thermal and ground source heat pump system harnessing the excess heat of the collectors during 
summer by an Organic Rankine Cycle (ORC) is simulated. For the ORC the heat pump process is reversed. In this 
case the scroll compressor of the heat pump runs as a scroll expander and the working fluid is condensed in the 
ground heat exchanger. Compared to a conventional solar thermal system the only additional investments for the 
combined system are a pump, valves and upgraded controls. Systems with either flat plate or evacuated tube 
collectors installed in a single family house are simulated for the locations Ankara, Denver and Bochum. The ORC 
gains depend on the location and the installed collector type and add up to 40 – 150 kWh/a. This reduces the net 
electricity demand of the system by 2 – 10%. 
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1. Introduction 
The coupling of a ground source heat pump and solar thermal collectors in a solar combisystem 
providing both space heating and domestic hot water is well-established technology. As there is no 
demand for space heating during summer the area of the collector array becomes overdimensioned and 
the collectors come to a standstill whenever the maximum temperature of the storage is reached. The 
stagnation can however be circumvented by the application of an additional ORC which harnesses the 
excess heat. The domestic application of solar ORCs comprising either flat plate or evacuated tube 
collectors has been studied both experimentally [1-2] and theoretically [3-4]. In this study a scroll 
expander is used as the expansion device. The application and performance of scroll machines as 
expanders has been experimentally examined [5-7] but their use is not yet a prevalent and market-proven 
technology. Recently Quoilin et al. [8] demonstrated that it is possible to use the same scroll machine 
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both as compressor and as expander in a reversible heat pump / ORC unit. The goal of this study is to 
simulate a solar combisystem providing both space heating and domestic hot water with an additional 
ORC using the scroll compressor of the heat pump as expansion device. The simulation results are used to 
evaluate the energetic and economic benefit of the ORC. 
2. System description 
A schematic overview of the system is given in Fig. 1. The system mainly consists of flat plate or 
evacuated tube collectors, a multi-node storage tank, a radiant floor heating system, a reversible heat 
pump / ORC unit and a ground heat exchanger. The storage tank provides both domestic hot-water by a 
coiled tube heat exchanger and space heating. The ground-source heat pump can deliver heat for space 
heating purposes directly without passing the tank or charge the tank for the generation of domestic hot 
water. Solar energy is coupled into the tank by means of a coiled tube heat exchanger. 
When a predefined temperature in the storage tank is reached the ORC is started and solar heat is used 
to evaporate the working fluid in the condenser of the conventional heat pump cycle. The fluid is 
afterwards expanded in the scroll compressor / expander and condensed in the ground heat exchanger 
recharging the ground. The only additional investments for the ORC are a pump, valves and upgraded 
controls; additional investments are therefore rather low compared to investments for the conventional 
combined (solar thermal plus heat pump) system. 
Fig. 1. Schematic overview of the combined heat pump/ORC system 
3. Modeling and simulation of the combined system 
For the simulation models of all components are required. The solar collectors are modeled with a 
dynamic one-node model according to EN 12975 [9]. The radiation on the sloped collectors has been 
calculated using the algorithm given in the European Solar Radiation Atlas [10]. The storage tank model 
is similar to the one of TRNSYS type 534 [11], which is included in the TESS storage tank library. 
Thermodynamic properties of the working fluid of the heat pump and ORC, R134a [12], are calculated 
with the property database CoolProp [13]. In ORC mode heat capacities of the fluid and of the ground 
have a strong impact on the condensation temperature in the ground heat exchanger and consequently on 
ORC revenues. Therefore, the analytical short-term solution by Javed and Claesson [14] is used in this 
study. 
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In the simulation runs the annual behavior of a combined system installed in a single-family house 
with a floor space of 167 m² built according to the German low energy standard is examined for the 
locations Bochum, Ankara and Denver. The two latter locations offer higher solar radiation because of 
their lower latitude. The power required for the heat pump depends on the outdoor design temperature and 
lies between 4.58 kW and 6.49 kW. The absorber area of the collector array amounts to 12 m² for flat 
plate collectors and to 8 m² for evacuated tube collectors. The volume of the storage tank is 0.9 m³ and 
the daily demand for domestic hot water with a temperature of 45 °C is 0.2 m³. The domestic hot water 
profile was developed by Jordan and Vajen [15]. According to Quoilin et al. [8] the isentropic efficiencies 
of the scroll machine are 0.7 in compressor mode and 0.65 in expander mode.  
The goal of the simulations is to evaluate the benefit of the additional ORC energetically and 
financially. For the economic evaluation the electricity costs are set to 21.4 ct/kWh for Bochum, 
14.7 ct/kWh for Ankara and 8.9 ct/kWh for Denver. It is assumed that the annual inflation of the 
electricity prices is 5 %. All simulations were performed with the software SH-PORT which has been 
developed during the course of the project. 
4. Results 
Results of the simulation runs are displayed in Table 1. The results clearly show that the new 
combined ORC system is energetically superior compared to a conventional system. The ORC gains that 
can be achieved with flat plate collectors in Bochum are rather low compared to the gains at the more 
southern locations Ankara and Denver. The net electricity demand of a system with flat plate collectors is 
similar to the one of a system with evacuated tube collectors. However, the ORC gains for evacuated tube 
collectors are about 30 kWh higher. In this case higher collector outlet temperatures are reached more 
often and faster.  
Table 1. Net electricity demand for the novel system (ORC) and for a conventional system (conv.) as well as potential savings after 
20 years for the locations Bochum, Ankara and Denver for systems with 12 m² flat plate and 8 m² evacuated tube collectors 
 12 m² flat plate collectors 8 m² evacuated tube collectors 
Location Bochum Ankara Denver Bochum Ankara Denver 
System type ORC conv. ORC conv. ORC conv. ORC conv. ORC conv. ORC conv. 
ORC gain / kWh 43.3 - 92.3 - 112.2 - 75.7 - 122.1 - 145.6 - 
Net electricity demand /kWh 1906 1944 1139 1232 1419 1524 1829 1890 1101 1222 1317 1435 
Savings after 20 years / € 269 - 451 - 310 - 430 - 590 - 348 - 
The difference between the net electricity demand of a combined ORC system and a conventional 
system does not exactly equal the ORC gain. This discrepancy is caused by two effects. Due to heat 
injection into the ground during ORC operation the ground is regenerated, which leads to a higher COP of 
the heat pump and consequently to lower electricity consumption. The predominant effect is that the ORC 
is started when a defined temperature below the maximum temperature of the storage tank is reached. In 
this case a higher amount of solar thermal energy can be coupled into the conventional system. 
The economic analysis highlights the importance of the electricity costs. Although the highest ORC 
gains are reached for Denver, the savings after twenty years are lower than the ones obtained for Bochum 
in the case of evacuated tube collectors. The results nonetheless show that especially with evacuated tube 
collectors the new combined ORC system can be economically feasible because the only additional 
investments are a pump, valves and upgraded controls. 
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